INTRODUCTION
Osteoarthritis is a major musculoskeletal condition characterized by loss of joint cartilage. 1 Symptomatic knee osteoarthritis affects 12% of individuals aged 60 years and over and, for many, remains a major source of pain and functional limitation. 1 In addition to pain, patients with knee osteoarthritis also report a sensation of instability, which can lead to falls and functional disability, thereby increasing the risk of morbidity and mortality. 2 Some authors have reported that quadriceps weakness is associated with poorer self-reported ratings of function and disability.
Since the quadriceps muscle assists in shock absorption in the knee joint, weakness in this muscle group results in greater physical stress and therefore increases the pressure on the knee. 3 Functional assessments on patients with knee osteoarthritis can be performed using a functionality questionnaire or performance tests in which the patient is observed and evaluated. 4 The main functional questionnaires used to assess patients with knee osteoarthritis include the Western Ontario and McMaster Universities (WOMAC)
index, Lequesne index and activities of daily living (ADL) scale. [5] [6] [7] Among the functional performance tests used for patients with knee osteoarthritis, the most popular and reproducible of these are the timed up and go (TUG) test, six-minute walking test, get up and go test and stair climbing test. 8, 9 These forms of functional assessment (self-reported and performance tests) are considered to be reproducible at low cost, and are very commonly used tests for patients with knee osteoarthritis. 9 Neuromuscular electrical stimulation (NMES) is defined as application of an electrical current to the neuromuscular junction and surrounding muscle fibers in order to produce a visible muscle contraction due to activation of intramuscular nerve branches. 10 NMES can be used for: (1) preservation of muscle mass and function during prolonged periods of disuse or immobilization; (2) recovery of muscle mass and function following prolonged periods of disuse or immobilization; (3) improvement of muscle function in different healthy populations: elderly subjects, recreational athletes and competitive athletes; and (4) preoperative strengthening. 10 It has been suggested that NMES should be used in combination with traditional strengthening programs. 11 The effect of NMES is believed to occur through increasing the capacity of the muscle to generate force.
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The methods and results of the several previous studies on knee osteoarthritis differ from each other specifically in relation to NMES stimulation parameters. These have varied in frequency (25 to 50 Hz), lengths of time on and off (5 to 10 seconds), duration of NMES application (4 to 12 weeks) and setting of NMES application (at home or in a secondary care facility). [12] [13] [14] [15] [16] This has resulted in a lack of consensus regarding the inclusion of NMES in rehabilitation protocols.
Important method flaws have been observed when assessing the methodological quality of previous studies that investigated NMES in patients with knee osteoarthritis. Thus, due to the divergences in methods, results and methodological quality among the previous studies, the aim in the present study was to conduct a clinical trial with improved methodological quality.
Since functional limitations are the main factors giving rise to impairments among patients with knee osteoarthritis, it is therefore essential to research interventions that have the aim of improving mobility and therefore functionality in this particular population of patients. 4 Our hypothesis was that patients who received NMES would achieve improvements in pain and function, compared with patients only receiving guidance.
OBJECTIVE
The purpose of the present randomized clinical trial was to assess the effect of NMES, as shown by the Numerical Rating Scale (NRS), TUG test, Lequesne index and ADL scale, regarding improvements among patients with knee osteoarthritis.
METHODS
The present study was conducted in a secondary care facility, the (NMES group; n = 50); and 2) control group (n = 50).
Patient medication
The patients' medications were standardized and remained unchanged during the treatment. Paracetamol was the drug prescribed for pain and diacerein and chloroquine were used to control osteoarthritis.
Interventions
All patients in both groups (NMES group and control group)
received an educational guide (Annex 1) and were instructed to use ice packs if they had any swelling of the knee and hot packs if they had any pain without inflammation.
NMES group
The NMES group received an educational guide and underwent quadriceps strengthening exercises and simultaneous NMES treatment. Each patient was seated on a chair, with 90 degrees of hip and knee flexion. The patient was instructed to perform a contraction of the quadriceps whenever NMES was received. An ankle weight was used to test the muscle and provide resistance during knee extension. The strengthening exercise was based on 50-60% of a test using 10 maximum repetitions, instead of a single maximum repetition, in order to avoid the possibility of injury caused by excessive strain. 19 According to the tolerance shown by the patient, the weight load could be increased. The total duration of the sessions was approxi- ing from 100 to 400 microseconds and stimulation frequency of 50-100 Hz, 20 at the maximum intensity tolerated by the patient and with a treatment period ranging from 3 to 12 weeks, is recommended.
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Control group
The educational guide (Annex 1) was explained verbally and provided as a written explanation for the control group at the beginning of the eight-week period. During this period, the patients received two phone calls to encourage them to follow the educational guidelines. The purpose of the guide was to describe knee osteoarthritis and advise the patients on how to adjust to daily activities, according to their knee symptoms. Thus, the patients were informed about joint and knee osteoarthritis, the signs and symptoms of the disease and the type of daily care that they should have. They were also instructed to use ice packs if they had any swelling of the knee and hot packs if they had any soreness without swelling. The verbal and written explanation used simple and comprehensible language.
Outcome assessment
The pre and post-intervention evaluations were done by a physiotherapist who was blind to the particular treatment used.
The outcomes used in our study were based on previous studies on patients with knee osteoarthritis. To define the outcomes used, it was assumed that the interventions of the study would influence them similarly. That similarity was based on a previous knee osteoarthritis rehabilitation study. 22 The Committee for Proprietary Medicinal Products (CPMP) has recommended that in defining the outcomes, only those that the intervention is found to influence in a similar manner should be included.
Inclusion of an outcome that does not have the capability to detect the effects of a treatment can lead to increased variability and, thus, decreased sensitivity towards demonstrating the real difference between the treatments.
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Primary outcomes
The primary outcomes were analyzed through the TUG test and the NRS for pain intensity. The TUG test is a simple and inexpensive method that was developed to assess functional mobility during patients' daily activities. It comprises the following sequence of movements: standing up from a seated position, walking three meters, turning around, walking back, and sitting down again. The time that the patient takes to perform this sequence of movements is recorded, so that it can be compared before and after the treatment. 8 In our study, the patients practice before the test was recorded. The best result after three attempts was used as the final result. In the NRS, the participants were asked to score their pain (0 to 10) when walking on a flat surface. 23 All the questionnaires used were versions that had been translated into and validated for Portuguese.
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Secondary outcomes
The secondary outcomes used were the Lequesne index and the ADL scale. 6, 7 The Lequesne index is a ten-question survey given to patients suffering from knee osteoarthritis. It is composed of five questions relating to pain or discomfort, one question dealing with the maximum distance walked and four questions about activities of daily living. The total questionnaire is scored on a scale from 0 to 24.
Higher scores indicate that there is greater functional impairment.
A study by Faucher et al. 6 found that the Lequesne index was a reliable questionnaire.
Irrgang et al. 7 
Statistical analysis
To analyze the effects, the changes to the scores were calculated (follow-up score minus baseline score). To calculate the difference between the groups, we used the principle of analysis by intention to treat (ITT). In the ITT analysis, we used a mixed-model repeated-measures analysis of variance (ANOVA) with measurement occasion as a within-group factor and the intervention as a between-group factor. Relationships between observations on different occasions were modeled as an unstructured covariance matrix.
No ad hoc imputation was performed to evaluate the differences in changes from the baseline between each of the three conditions. The ITT analyses used differed from the previously published analysis of post-test data in which observations that were missing from posttest evaluations were input by assuming that participants who withdrew were unchanged. Chakraborty and Gu showed that mixedmodel analysis without any ad hoc imputation always provides equal or more power than an analysis using mixed models with missing values imputed ad hoc. 27 The effect size was computed as the difference between the means, divided by the pooled standard deviation, using Cohen's d. 28 These analyses were undertaken using general linear model (GLM) and mixed procedures in the statistical analysis software (SAS) release 9.2 for Windows. P values < 0.05 denote a statistically significant difference in this study.
RESULTS
Participants
The demographic characteristics of the patients regarding gender, treated leg, age, body mass index (BMI) and baseline values for the NRS, TUG test, Lequesne index and ADL scale are described in Table 1 . Eighty-two patients completed the study. The percentages that failed to complete for each group were 12% (n = 44) in the NMES group and 24% (n = 38) in the control group (Figure 1) .
Results for the primary and secondary outcomes
After eight weeks, the NMES group showed a statistically significant improvement in NRS (P < 0.0001), TUG test (P < 0.0001), Lequesne index (P < 0.0001) and ADL scale (P < 0.0001). In the control group, the changes in NRS, TUG test, Lequesne index and ADL scale were not statistically significant (P > 0.05) ( Table 2 ).
The comparison between groups in the ITT analysis showed that there were statistically significant differences in favor of the NMES group regarding the NRS (P = 0.01), ADL scale (P = 0.01) and Lequesne index (P = 0.03) ( Table 3) . No statistically significant difference was found in relation to the TUG test, although there was a statistical trend with P = 0.05.
Adverse side effects
An adverse side effect consisting of a hypertensive crisis was experienced by one patient in the NMES group. This may have been due to the use of NMES or to the exercise itself. The contraindications for using NMES were respected, i.e. avoiding the abdomen of pregnant women, areas with tumors, pacemakers, tissue bleeding and areas of active epiphysis.
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DISCUSSION
This study aimed to evaluate the effect of NMES relating to reduction of pain intensity and improvement of mobility, through assessment of pain intensity, functional tests and functional As mentioned earlier, the TUG test assessment in the present study did not show any statistically significant difference in comparison with the controls in the ITT analysis. Given that the TUG test produced P = 0.05, it is possible that a larger sample size would have shown P < 0.05. In addition, because the patients did not present any significant functional impairment, i.e. there was no significant limitation in relation to walking or getting up from and sitting down on a chair, it is possible that the TUG test was unable to effectively detect changes in mobility among patients that functionality questionnaires detect. Performance tests do not necessarily reflect aspects of individual mobility, because they are isolated activities.
Therefore, the time or distance results recorded using the tests performed need to be assessed in association with functionality questionnaires and should not be analyzed in isolation. 30 According to the study by Wright et al., 17 among the four tests that assessed performance (40-m self-paced walk test, 30-s chair-stand and 20-cm step test), only the TUG test did not detect any statistically significant improvement in the group of patients who were examined using the global change rating score (GCRS), among those who reported improvement after the treatment.
A systematic review published in the Cochrane Library assessed the effectiveness of NMES applied before and after total knee Dentro da gura: "n = xxx" sempre com espaços "" em vez de GNMES; "" em vez de CG "Follow-up" com hífen "peak" em vez de Peak; "Did not return for" em vez de didn't return to Another comprehensive study aimed to investigate the effectiveness of NMES after surgery to reconstruct the anterior cruciate ligament. 32 Based on eight studies that were included in the analysis, it was concluded that NMES combined with exercises can be effective in improving quadriceps strength within the first four weeks postoperation. It is considered that NMES may have beneficial effects in terms of improving patients' functional capabilities, but more studies are needed in order to provide a more accurate conclusion. With regard to functional performance tests, there is insufficient evidence to indicate whether NMES has positive or negative effects on functional performance among such patients. 33 The statistical analysis used in this study was performed using the intention-to-treat principle. ITT analysis takes into account all randomized patients. When ITT analysis is performed, the protocol violations that occur after randomization and might have an impact on the data and conclusions are minimized. Thus, ITT analysis should be performed because it avoids overestimation of the effect. 17 According to CONSORT, 17 ITT analysis is widely recommended as the preferred analysis strategy.
One possible limitation of the present study was the lack of registration of NMES intensity. However, the patients were often asked whether the intensity could be increased. Therefore, in accordance with previous studies, 11, 15 we used the maximum intensity tolerated by the patients.
CONCLUSION
NMES, within a rehabilitation protocol for patients with knee osteoarthritis, is effective with regard to improving pain, function and activities of daily living among these patients. The purpose of this manual is to explain osteoarthritis and to teach how you can adjust yourself to your daily activities, according to the knee symptoms. Try to make a serious effort to follow our guidance for your own benefit!
The knee
The knee joint is composed of three bones: the femur (thigh bone), the patella (kneecap) and the tibia (lower leg bone). It has muscles, a capsule, ligaments, a meniscus and the cartilage that lines the bones and protects them from impact. The knee joint supports nearly the whole weight of our body.
What is osteoarthritis?
It is a disease caused by breakdown of cartilage in the joints. The layers in the cartilage become damaged and, with time, they lose their function of smoothing the contact between the bone surface and the joints. Pain is caused as a result of friction between one bone and another in the absence of or with diminished joint cartilage.
What are the signs and symptoms?
Patients with osteoarthritis may feel some pain, especially when starting a movement, as in morning stiffness or after immobilization. With time, the pain may intensify and become continuous. The presence of a crackling sound is often present when moving the knees.
What kind of difficulties might I have in my daily life?
The difficulties found in daily life vary according to the patients' symptoms. In general, however, patients experience pain and difficulty when the affected knee bears the body's weight, or when going up and down stairs or walking.
What should I do when my knee is painful? Doctors can prescribe treatment for osteoarthritis. However, a simple way to relieve the pain is to use a warm to hot water bottle over the knee joint (be careful not to burn the skin, use a protective cover and test the water temperature before using the hot water bottle).
What if my knee is swollen?
To manage the swelling, you can combine rest, use of an ice pack and elevation of the leg above heart level. The ice pack should be placed over the knee joint for 20 minutes.
What else is recommended?
• If you are overweight, losing a few kilos will reduce the stress on the joint.
• Wear comfortable shoes with a rubber sole and without high heels.
• If you experience pain when walking, use a cane as an aid. Annex 1. Manual for patients with knee osteoarthritis.
